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1. INTRODUCTION 

In the 21st century, electrical grid system has been rapidly industrialize and becoming a critical part 
of the country’s economic infrastructure. The rise of electrical production from renewable energy and the 
growing demand for electrical energy increase the importance of power transmission [1-3]. Transmission 
networks are designed by engineers to be efficient and feasible without neglecting on its safety, redundancy 
and also economic factor [4-6]. Transmission lines can be categorized into three categories which are short, 
medium and long transmission line. The classification of these lines are based on the distance from the 
sending end to the receiving end of the lines. Short transmission line has a limited distance of 80 km, medium 
transmission line is between 81 km to 240 km while long transmission line is more than 240 km long [7-8]. 

Voltage drops, line losses and the transmission lines efficiency are vital consideration that needed in 
every design and operation of transmission lines. The line constant such as resistance (R), inductance (L), 
capacitance (C) of the transmission have big influence on line performance. For an example, voltage drop of 
the line can be varied with the change in value of those line constant. Similarly, power loss in a transmission 
lines occurred due to the existence of the resistance in the transmission lines conductor. The parameters of 
the transmission lines contribute greatly on the lines performance. Resistance, inductance, capacitance and 
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shunt conductance are the common parameters that exist in a transmission line [9-10]. All of those 
parameters known as distributed parameters since they are uniformly distributed along the transmission lines. 
Transmission lines are exposed with natural event such as lightning, heavy wind, hot climate that will reduce 
its performance [6, 11-13]. The integrity of the transmission lines is of the utmost importance, the 
performance of the transmission lines is determine by the voltage regulation and efficiency under their 
normal operating condition [1-2, 14-15]. According to [9], short transmission line is represented by a simple 
RL series equivalent circuit. The estimation of line parameter is the first step preceding the development of 
line model. By developing a dynamic model of the transmission line, the expected voltages at any locations 
of the transmission line either on the sources side or load sides can be predicted. The resistance of the 
conductors is the primary sources of transmission line losses [16]. As the current attempt to overwhelm the 
ohmic resistance of the line, useless heat is formed in the result of power dissipation.According to [17], AC 
transmission networks and distribution lines are purely reactive network. The existence of reactive power in 
the transmission lines increases the transmission losses. When the transmission line suffered too much of 
reactive power, the changes in load and load power factor will alter the voltage profile along the line and 
resulting in a huge amplitude variation at the receiving end voltage. Besides that, the abundancy of reactive 
power in the line will make the transmission line to be under voltage and also causing degradation in the 
performance of the loads especially induction motors. In the opposite of that, over voltage causes on resultant 
harmonic generation and damages on equipment due to insulation breakdowns [18]. According to [19], 
voltage drops occurred when the capacitive line charging current exist across the line inductance. The 
efficiency of the transmission line is proportional to the value of the capacitance in the transmission line. 
Steps can be taken to diminish losses to lead into efficient and effective operation of a power system [20]. 
The losses that sustained inside the resistance materials can be reduce by reducing the amount of current flow 
through the line, reducing the size of resistance or impedance along the transmission line and minimizing the 
level of voltage. 

The scope of this study is mainly focusing on the development of a monitoring tool by using 
Graphical User Interface (GUD in order to determine the performance of the transmission line. The biggest 
advantage of a GUI is that it works without prior knowledge and it is the most important aspect for any 
application [21-23]. A well designed GUIs are intuitive to the point that user need no knowledge about the 
underlying machinery at all. On the other hand, the main objective of this study is to model a transmission 
line using appropriate equivalent model where the performance due to change in the line parameters can be 
calculated and monitored through a systematic tool which is GUI. 


2. RESEARCH METHOD 

The performance of a transmission line shall have the measurement of the sending end and receiving 
end parameters, power factor, as well as voltage regulation and efficiency of the line model in percentage 
during its steady state and transient conditions [19, 24-25]. Performance calculations are helpful in system 
planning. In this study, the equations used to measure voltage drop and efficiency of transmission line shall 
be explained in detail. The project starts with identifying appropriate line model to be use in modelling the 
transmission lines [26]. Each of the model will have its own parameters that affect the efficiency of the 
transmission line. The calculations for each line model are then made in order to determine the performance 
of the transmission line. Then, the calculations for the performance of the line is developed into GUI. The 
GUI will display the results and summarize the parameters in the summary output. The project is considered 
success if the GUI able to achieve all the objectives for this project. As mentioned in the previous section, 
transmission lines can be categorized into three categories. Each of the categories is explained in detail in the 
following part. 


2.1. Short Line Model 

Figure | shows the circuit representation of a short line model which having voltage level that is not 
over 69 kV and the length of the lines are less than 80 km is considered as short line model. The line 
capacitance may be often ignored without much error as the small leakage current, resistance, inductance are 
lumped along the transmission line. 
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Figure 1. Short Line Model 


The percentage change in voltage at the end of the receiving of the line can be defined as voltage 
regulation and can be calculated using (1) and the efficiency of the transmission line is given by (2). 


VR(no load)—VR(full load) 
Vp, = “BineoadVrtfuttioae) (1) 
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2.2. Medium Line Model 
A medium line model is generally referred to a transmission lines that is in the range of 80 km to 
250 km. Half of the shunt capacitance is lumped at the end of the line as the line length is considerably 
lengthy. In this case, nominal 2 model is used. 
Figure 2 shows the circuit representation of the nominal z model of medium line under a normal 
operating condition, the total shunt admittance of the line is given by (3). 
PR 


Y= (G+ jwcjen= 52 x 100% (3) 


Where g is assumed to be zero as due to corona, the leakage current around the insulators is 
neglected. C is the value of capacitance per kilometer from the line to neutral and f is the length of the 
transmission line. 

The percentage change in voltage at the end of the receiving of the line can be defined as voltage 
regulation and it can be obtained by using the same as (1). And finally, the efficiency of the transmission line 
can be calculated by using the same as (2). 

















| Z=R+jX | 
Pd nay PANINI q—*> 
| —, 
Vg \ ma Ya lo Yi27N \!3 |Vp |p 
v v D 








Figure 2. Nominal z model of Medium Line 


2.3. Long Line Model 

To have more accurate modelling of a transmission line that is 250 km and longer, it cannot be 
assume that the line parameters are lumped since they are distributed along the lines. This long line model 
deals with complex calculations related to circuit parameters compared to short line or medium line model. 
The reason is that the long line model has higher effective circuit length compared to the former models. The 
long line model shown in Figure 3. 
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Figure 3. Long Line Model 


By assuming this model is a lossless line, the line phase constant can be obtained by using (4). 
B = wvLC (4) 
And the surge impedance is obtained by using (5). 


L 


Ze fe () 


As for the sending end voltage, it can be calculated using (6). 

V, = cosBf Vp + jZc sin BE Ip (6) 
The sending end current is obtained by using (7). 

Is = jz7sin Be Ip + cosB€ Ip (7) 


The percentage change in voltage at the end of the receiving of the line can be defined as voltage 
regulation is obtained by using (8). 


Vv 
cobe-VRyfull load) 


VR= (8) 


VR(full load) 
2.4. Graphical User Interface Model 
Figure 4 shows the flowchart for the process of graphical user interface in this project. Firstly, at the 
main page of the interface, the user needs to choose which line models that needed to be selected to undergo 
the analysis. Next, the user is directed to the second page of the interface where the user is allowed to insert 
the input parameters in the input section. Then, once the solve button is clicked, the GUI will execute the 
calculations and display the results on the performance of the selected line model in the output section as well 
as in the summary output. If the user wanted to insert new values for the parameter, it can done by pressing 
the Clear button to erase previous value and new values can be inserted. On the other hand, if the user wanted 
to do analysis on other line model, it can be done with a simple click of a button in the options box. 


3. RESULTS AND ANALYSIS 

With the aid of GUI, the analysis of the transmission line can be displayed interactively as shown in 
Figure 5. The implementation of GUI in this research give greater accessibility to the user. As soon as the 
GUI is executed, the home page will appear as shown in Figure 5. User are given options to choose which 
transmission line models to perform the analysis. By clicking on the type of the line model button, the GUI 
will redirect user to the second page of the GUI that will enable the user to perform calculation on the line 
models that has been selected. Figure 6 shows that overall interface of the project. 
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Figure 4. Flowchart of process for GUI 


IMPLEMENTATION OF GUI IN DETERMINING THE PERFORMANCE OF TRANSMISSION LINES MODEL 


Transmission Line Models 
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Figure 5. Homepage of the GUI for the project 
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Figure 6. Overall look of the interface of the project 


In the second page of the GUI, the interface consists of sections for inputs and outputs. This 
interface will display the information about the performance of the line models. 


3.1. Input Sections of the GUI 

For input sections, there will be seven parameters that user needs to key in the values in order to for 
the program to execute the simulation. The parameters are voltage, transmission line length, frequency, 
power factor, resistance, inductance and reactive power. 

The parameters are inserted manually by clicking the desired parameter box and typing the value 
into it. The options box is located at the bottom of the input section. This options box offers 4 options to the 
user where each of the button has their own function. 

a. Solve button. 
Once this button is pressed, the GUI itself will perform calculations on the line model based on the 
formula that have been made and display the results in the output sections. 

b. Reset button. 
The button that coloured in red is the reset button where it will clear all the previous input and output 
that already have been display. Once it is executed, a new blank input and output are ready for new 
values to be inserted. 

c. Short / Medium / Long button. 
Each of the line model will have its correspondent button to redirect user to another interface for 
another different model of the line. For example, if the user is on the short model interface and wanted 
to go the long model interface, it can be done with a simple click of a button. 


3.2. Output Sections of the GUI 

Figure 7 shows the output section of the GUI where it displays results of the transmission line 
performance. The display will show the results of receiving end, sending end, voltage regulation and 
efficiency of the transmission line. 

Figure 8 shows the summary output of the GUI. It summarizes all the input and output parameters 
that were used in determining the performance of the line model. 
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Figure 7. The interface for outputs 
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Summary Output 


Type of Line Model : Short Line Model 
INPUT PARAMETERS 


Voltage (kV) : 220 Frequency (Hz): 60 Resistance (ahm) : ao Reactive Power (MVA): 
381 
Length (KM) 40 PE: 1 Inductance (mH): 1 
RESULTS 
Vsending (kv) 144 Vreceiving (kV): 127 VR (%) : 13.2249 Psending (MA) : 
433 
Vline-line (kv): 243 lreceiving( A) : ri Effeciency (%) : a 











Figure 8. Summary output of the performance for the line model 


4. RESULTS OF THE TRANSMISSION LINE PERFORMANCE 

Table | shows the tabulation of data for the performance of the short transmission line. The 
performance of the transmission line is determined by its voltage regulation and efficiency. 

When the resistance and the inductance of transmission line is increase, the performance of this 
short transmission line dropped significantly. As the current try to overcome the ohmic resistance of the line, 
losses occurred in the form of heat. Therefore, it can be seen clearly that for short transmission line, the 
efficiency of line is high when the resistance, inductance and capacitance in the line is low. However, the 
voltage regulation for short transmission line increases with respect to increase of the value of all 
the parameters. 

Table 2 show the performance of the medium transmission line. The efficiency of the transmission 
line decreases gradually as the resistance and inductance of the transmission line increase. The value of the 
voltage regulation also dropped gradually in respect to the efficiency of the line. This also implies that for 
medium transmission line, the efficiency of the line is high with respect to low value of resistance and 
inductance. Similar to the short transmission line, the voltage regulation of medium transmission line 
increases with respect to the increase of the line parameters. 


Table 1. Performance of Short Transmission Line 








Resistance Inductance Voltage Efficiency 
(Ohm) (mH) Regulation (%) (%) 
0.15 1.32 11.65 94.00 
0.20 1.33 12.93 93.00 
0.25 1.34 14.25 91.00 
0.30 1.35 15.56 89.00 
0.35 1.36 16.89 88.00 
0.40 1.37 18.21 86.00 
0.45 1.38 19.53 85.00 
0.50 1.39 20.85 84.00 
0.55 1.40 22.16 82.00 
0.60 1.41 23.48 81.00 





Table 2. Performance of Medium Transmission Line 








Resistance Inductance Voltage Efficiency 
(Ohm) (mH) Regulation (%) (%) 
0.15 0.80 9.15 94.69 
0.20 0.81 10.52 93.04 
0.25 0.82 11.90 91.45 
0.30 0.83 13.29 89.91 
0.35 0.84 14.69 88.42 
0.40 0.85 16.09 83.98 
0.45 0.86 17.49 85.59 
0.50 0.87 18.90 84.24 
0.55 0.88 20.32 82.94 
0.60 0.89 21.74 81.68 
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Table 3 shows the performance of long transmission line when the value of capacitance is varied. As 
the capacitance increases, the magnitude of sending end voltage, VS decrease and making it lower than the 
magnitude of receiving end voltage, VR. Thus, the efficiency of the transmission line also drops gradually. 
Due to the line capacitance, voltage drop is produced by capacitive line charging current and the 
phenomenon is known as Ferranti effect. The results of efficiency and voltage regulation of long transmission 
line implies the same concept as for short and medium transmission lines. 


Table 3. Performance of Long Transmission Line 








Capacitance Sending end Receiving end Voltage Efficiency 

(uF) voltage, Vs voltage, Vr regulation (%) (%) 

0.015 360.4 288.675 37.46 96.10 
0.02 350.7 288.675 38.34 90.10 
0.03 331.7 288.675 40.23 79.10 
0.04 313.1 288.675 42.36 68.95 
0.05 294.8 288.675 44.78 59.68 
0.06 276.9 288.675 47.54 51.25 
0.07 259.4 288.675 50.73 43.62 
0.08 242.2 288.675 54.44 36.75 
0.09 225.4 288.675 58.85 30.59 
0.10 208.9 288.675 64.13 25.11 





5. CONCLUSION 

This paper has presented a systematic approach in determining the transmission line performance by 
using the Graphical user Interface. It is important to monitor the performance of a the transmission lines in 
order to ensure maximum power can be transferred to the consumer [27]. Therefore, the results obtained from 
this study could assist the power system utility in planning the transmission line that needed to be installed in 
the system depending the models of the transmission lines. The parameters of the transmission line contribute 
greatly to the performance of the line especially to its efficiency and voltage regulation. With appropriate 
model and accurate line parameter, the performance can be monitored. On top of that, the implementation of 
GUI makes the analysis of transmission lines more interactive. It is not only user-friendly, it is also owned 
low cognitive lode which means everything is laid in front of the user and the GUI itself takes care most of 
that freeing up the user mental processing power for the important stuff. As a conclusion, this GUI has been 
successfully implemented in order to monitor the performance of transmission line regardless it is a short, 
medium or long transmission line. 
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